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|. Introduction

Each and every day Reclamation decides to operate afacility, it isimplicitly accepting the risks posed
by the dructure. By using risk analysis techniques Reclamation is attempting to understand the nature
and severity of therisks so that it can make informed decisons. Tightening budget congtraints suggest it
is gppropriate to use risk determinations as atoal to direct funding to those issues presenting the
greatest risks. Thusit isimperative that each facility’ srisk be identified and analyzed to provide correct
information to the dam safety decision process.

This document is mostly about risk andysis, that is, how to identify loading conditions, potentia failure
modes, and consequences, and how to estimate the probabilities for each event. Questions like “does
the identified risk justify further action” or “what should be done to reduce risk” belong to risk
assessment, and are beyond the scope of this document. While the primary topic isrisk andysis, this
document starts by providing a brief introduction to risk assessment and risk management concepts.
Thisis so that the reader can understand where risk anaysisfits into the entire dam safety process,
what the legidative mandate for risk andysisis, and what are some of the gppropriate uses for risk
andyss. After this brief introduction, the remainder of the document will discuss how to prepare for a
risk analysis, how to conduct arisk andysis, and how to report the findings from arisk andysis.

A. Role of Risk Analysisand Assessment in the Dam Safety Program

Risk and uncertainty are intringc in water resource management activities. Uncertainty arises from the
lack of information about the loads that a dam will actualy experience, the lack of perfect information
about the manner in which the dam will respond to those loads, and limited information about what the
resulting consequences would be. Risk arises from undesirable consegquences and the uncertainty over
whether or not those consequences will actualy occur. Risk andysis and risk assessment should not be
confused with risk taking. Contrary to risk taking, risk analys's and assessment provides amethod to
better manage risks with available resources. Estimating the probability and magnitude of
consequences of potentid options facilitates decisions that focus available funds where the greatest risk
reduction and benefit can be attained. Figure 1 portrays asmple mode of how dam safety issues
proceed from identification to risk analyssto risk assessment and decision making.
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The objective of Reclamation’s Dam Safety Program is to ensure that Reclamation water impounding
structures do not create unacceptable risks to public safety and welfare, property, the environment, or
cultura resources. This objectiveisamed at fulfilling the Federa Government’ s trust responsibilities for
the safety and welfare of the downstream public. The authorizing legidation for the dam safety program
[1] Sates:.

“In order to preserve the structural safety of Bureau of Reclamation dams and
related facilities, the Secretary of the Interior is authorized to perform such
modifications as he determines to be reasonably required.”

Responding to the congressond mandate, Reclamation has refined the goa asfollows [2]:

“ The objective of the Safety of Dams Program isto ensure that Reclamation
structures do not present unacceptable risks to public safety, property, and welfare.
This requires identifying structures which pose unacceptable risks and taking
corrective actions to reduce or eliminate these risks in an efficient and cost effective
manner. Reclamation policy isto provide safe structures, but this does not imply a
risk free environment. A safe dam is one which performsitsintended functions
without imposing unacceptable risks to the public by its presence.”

Risk analyss procedures help organize engineering gpproaches to credibly identify potentia failure
modes and related downstream consequences which are often the fundamenta information necessary to
make decisions related to program objectives. However, risk andysis should only be viewed as one of
the inputs to the overdl risk assessment and decision process. Other typical inputs to the assessment
process are traditiona engineering andyses and judgements, funding congderations, environmentd
congderations, public involvement, political consderations and economic condderations. Thusthe
quantitative and quditative results of arisk andysis must be melded with the quantitative and quditative
information from these other inputs to form the fina decision.

While describing the process of determining unacceptable risks is beyond the scope of this document,
additiond information may be found in the Reclamation’s Policy and Procedures for Dam Safety
Modification Decisionmaking [2]; Guidelines for Achieving Public Protection in Dam Safety
Decision Making [3]; and Policy for Decisions Related to Dam Safety Issues[4].

B. Meaning of Risk and Probability

Among the many concepts proposed for defining risk, the meaning adopted here is most succinctly
expressed by Webster's Dictionary as "the possibility of loss.” Thisrisk definition incorporates the
dua concepts of uncertainty about the occurrence of some event (possibility), and the adverse
consequences should it occur (loss). 1n adam safety context, the event of interest is an uncontrolled
release of the reservoir and the resulting consegquences which may include loss of life, economic loss, or
other adverse consequences. Asimplied in the definition, there is uncertainty in predicting the future
performance of the dam, including the loading conditionsit may experience, its response to these loads,
and estimating failure consequences. Such uncertainties are inevitable to varying degrees in any risk
andysis because of imperfect knowledge or incomplete information about the physica processes
involved.

Quantitative estimates of dam failure risk require quantifying the likelihood of loads, adverse responses
given the load, and adverse consequences given afailure occurs as well as the uncertainties associated
with eech. The estimation process relies on engineering techniques whose gpplications differ littlein
principle from determinigtic dam safety assessments. The difference in arisk andyssis the requirement



for quantifying uncertaintiesin dl of their various forms. Probabilistic methods inherently address these
uncertainties.

In this sense, probability is a quantified statement of likelihood based on one's degree of beief or leve
of confidence in the occurrence of a certain outcome, a certain response, or the presence of acertain
condition. In most cases the probability of occurrenceis not determined solely on the basis of deta,
andysis or performance. While the estimation of the probability of occurrence can consider such
informetion, there are typically other factors that so impact the estimate. Such factors would include
those issues that cannot be quantified or that are datidticaly verifiable.  The probability estimates for
al aspects of the problem depend on the state of knowledge at the time of their assessment and the
ability of the assessor to express dl of the contributing factors and uncertainties as fairly and honestly as
possible. In this respect, probability and hence risk itsdlf, are best viewed as the quantified expression
of engineering judgmernt.

At its mogt fundamentd leve, the concept of risk andlysis embodies identifying and quantifying three
eements. (1) the events and conditions that could cause failure, (2) their likelihood, and (3) their
conseguences. Or more Smply put:

C How could failure occur?
C  Howlikdyisit?
C  Wha would hagppen if it did?

Answering these questions provides the data necessary to estimate a quantitative measure of risk as
computed by the following equation:

Risk = P[load] x P[ Adverse Response given the load] x Adverse Consegquence given the failure
C. Intended Audience

This document presents a generd approach for analyzing the risk posed by dams. It isintended that
this andyss, dong with other input, be used by decision makers within the Bureau of Reclamation
concerning dam safety.

Within Reclamation, this document is intended to benefit a broad cross section of the Saff. Facilitators
can use the methods outlined as aroad map for guiding risk analysis teams through the process of
edimating and documenting risks. Risk analys's participants may use the document to learn how to
follow the process. Dam safety decision makers may wish to use the document to gain some
background on the methods used to develop the risk analysis results which are being presented to
them. The intent during the development of the document was to focus on the facilitetors needs while
providing sufficient detail to be educationdly vauable to others.

D. Developmental Nature of the M ethodology

This document presents methods which are considered to be most reasonable for meeting the
objectives of the Dam Safety Program at the present time. As the application of risk based methodsin
water resources management (and more specificaly in Dam Safety) spreads, there will undoubtedly be
improved methods developed. When these new methods and supporting toolboxes are developed for
Reclamation, this document will be revised to include them.

There will aso be specific stuations arise which are not adequately addressed by the methods
presented in this document. In these cases, risk andysis teams and facilitators are encouraged to:



Seek out examples of smilar Stuations at other dams

Seek advice from other employees and/or consultants

Propose/devel op workable solutions which are congstent with the principles of the methods
provided in this document.

OO

When these actions result in additiona methods or insights which would have benefit to other risk
andyses, they will be included in subsequent revisons of this document.



II. Purposesof Risk Analysis

The broad purpose of risk andlysis as a dam safety tool isto improve the effectiveness and efficiency of
Reclamation's dam safety efforts. However, it isimportant to recognize thet risk analyss, while key to
decision making, does not aone condtitute a dam safety decison. A number of factors, many externa
to the analysis, are incorporated and synthesized at the decison making level. The value of risk andysis
is derived nearly equdly from: 1) the processitsdlf that helps develop a deeper understanding of the
dam and the key dam safety issues, and 2) the numerica results that are used in the decison making
process, epecialy for setting priorities. The following discussions describe the various gods that risk
andysis should seek to achieve.

A. Communicating Risk

A primary purpose of the risk andyssis to communicate risk judgments, both to the decision maker
and within the sudy team itsdf. Whereas a deterministic dam safety assessment can identify potentia
dam safety deficiencies, communicating the associated risks enhances information content by expressing
judgments about the relative severity and importance of therisks. Quantified risk analyss results
provide a common denominator for comparing conditions that could not otherwise be related to each
other (for example, post-liquefaction FS = 0.9 versus 80% PMF spillway capacity), both for a given
dam and among different dams.

If risk analyses are to serve the decision maker in this way, the risk must be communicated clearly and
unambiguoudy, and the various sources of risk for a given dam must be explicitly identified. It is not
aufficient to determine the totd risk associated with a dam without also explaining the underlying
rationae for why the vaue resulted and how it was derived. This includes the identification of the magor
sources of risk (loading conditions and faillure modes). The logic structure contained in the event tree
generated as part of arisk andysis can be asignificant aid to thisend if it is congtructed with
gppropriate logic and clarity of communication in mind, as discussed subsequently in Section IV.B
(Developing Event Trees). In addition, any risk andysiswill itself be subject to uncertainty arising from
different interpretations of the information available. The risk communicated to the decision maker
needs to be accompanied by some statement of the confidence to be placed on it, and various means
for doing S0 are described in Section V.B (Uncertainty Andysis). All of these aspects of risk
communication depend heavily on the presentation and completeness of the risk analysis
documentation, matters addressed in Section V (Documentation and Presentation).

An equaly important aspect of risk anaydsisto promote interchange among the team members during
the process. Here too, discussions centered on risk provide afocused format for comparing and
relating the significance of potentid failure modes and processes across the boundaries of the various
technica disciplinesinvolved. A sense of scale and proportion to the importance of specific andyss
and eval uation efforts emerges as the corresponding risk contributions from these studies are identified.
The participation of field personnel aswedl can be invauable. Certain Site-specific festures whose
sgnificance might not otherwise be obvious can assume critical importance when viewed in the kinds of
risk-related contexts that these interactions provide.

B. Improving Under standing of Dam Behavior

The safety of adam can mogt effectively beimproved if its design, congtruction, and behavior are
thoroughly understood. Therefore, another primary purpose of risk andysisisto enhance this
understanding by more explicitly identifying the features and conditions of the dam that contribute to its
vulnerability or robustness. This can come about in severd ways.



The process of detailing potentia failure modes and the requirements for those failure modes to develop
into an uncontrolled release of the reservoir provides avery different perspective on dam behavior than
the pergpective obtained from a design point of view. When the participants are chalenged to find
ways in which adam could fal, they are more likely to identify vulnerabilities. Recognizing such
potentia vulnerabilities provides a better bas's for understanding the manner in which the dam will
resoond to avariety of loading conditions. By asking "how could this dam fail?" it encourages greater
attention to the unique conditions and performance history of each individua structure. The result can
be to identify important mechanisms and conditions that might otherwise have been overlooked. A
relative sense of urgency associated with the various risk scenariosis aso obtained.

The outcome of the risk analysis will provide information that permits comparison of the reative risk
contributions of each potentid failure mode and the rdative risk contributions of each loading increment
congdered. Inreation to the totd risk for the dam, this information alows the dominant risk-producing
conditions to be identified, which in turn can then serve to focus efforts on the most critica aspects of
the project. For example, determining that spillway eroson under 100-year recurrence interva floods
would produce significantly greater risk than overtopping under PMF conditions would lead to greater
emphasis on the risk of the more frequent, but perhaps less catastrophic erosion problem. Deriving the
risk contribution for each potentid failure mode promotes a more balanced view by reducing
overemphasis on those mechanisms for which advanced andyticad methods may be available at the
expense of those for which computationa techniques are less well-developed or not available.

Seeninthislight, risk andyssis adam safety toal for refining engineering ingght.
C. Identifying Infor mation Needs

A further purpose of risk andlysesisto provide aroad map for guiding any additional dam safety
investigations. Logicdly, those failure modes that produce the largest risk contributions should receive
greatest attention. Conversdly, further investigations may provide fewer benefits for those failure modes
shown to contribute little to tota estimated risk.

In some cases where little information is available, confidence limits on the results of therisk anadlyss
may be comparatively wide. If greater refinement is necessary for decision making purposes,
information from further investigations or technica anayses may have the potentia to narrow these
limitsif targeted to the more sgnificant risk contributors. On the other hand, additiona information
unlikely to substantidly influence the estimate of risk may not be warranted. “Information” in this
context includes not only field exploration data and consegquence estimates, but aso more readily-
obtained information from such sources as congtruction records, case-history literature, or anayses that
may not have been available at the time of the previous risk andysis stage.

Risk analysis should not be seen as discouraging the gathering of information thet is critica to
understanding the behavior of the dam. Rather, the intent isto use risk as a means for more precisely
targeting the areas where further information is most required and pinpoint the types of information of
greatest benefit.

D. Formulating Corrective Action Alter natives

When it is necessary to develop dternatives for reducing risk at a particular Sructure, the information
developed in the course of preparing arisk andysswill aid in formulating aternatives which effectivey
mitigate the risks identified. By understanding the god of risk reduction, the nature of the risks



involved, and the operationa needs of the project, a group of effective dternatives can be developed
and evauated. When risk reduction becomes an eva uation criterion along with cost optimization and
any other appropriate objectives, the resulting evauation criteria provide an effective framework for
developing dternatives.

By applying the evauation criteriato braingorming dternatives, inferior aternatives can be identified
and diminated from further consderation a an early sage. The god isto diminate those dternatives
which have no reasonable chance of being sdected as the aternative to be implemented. For example,
an dternative with higher costs and lower risk reduction isinferior to an dternative with lower cost and
greater risk reduction when there are no other criteriato be evauated.

E. Allocating Resour ces

Reclamation’ s available resources for sudying dam safety issues arefinite. Limitations may include
availability of key personnel, equipment, funding, and/or time. In each of these cases, choices must be
made concerning the priorities for addressing the various risks a Reclamation facilities.

With over 300 dams categorized as high hazard structures, Reclamation is congtantly assessing load,
response, and consequence data for itsinventory of dams. While the assessment may not be in great
detall, it provides agenerd indication of which dams contribute the greatest risks to the public and
therefore require additiond investigation to better quantify the risks and support decisions of whether or
not to make dam safety related modifications to reducerisk at adam. With so many damsin
Reclamation’s inventory, it is unlikely that up-to-date documented risk andyses will be available for
dams when resource dlocations for dam safety enhancement are necessary. However, it is il prudent
to set priorities on the bass of our best knowledge of the potentia risk to the public at any given point
intime. Prioritization of issues can occur for agiven dam (i.e. treat a piping problem but defer the
hydrologic investigations) or for agroup of dams (i.e. when severd dams are Stuated in the same
drainage basin or in the same vicinity).

Since perceived risk is not gatic over time, risk analysis dso provides abasis for revisng priorities
when the estimated risk to the public changes. Such changes may be the result of changesin the
population &t risk, changes in our understanding of the loading conditions, changesin reservoir
operations, or the development of unexpected behavior in the dam. When changesin the risk
parameters occur, the risk andysis should be revisited to determine if the alocation of additiona
resources for dam safety enhancement is necessary to provide adequate public protection.



[I1. Preparing for a Risk Analysis
A. Defining Study Obj ectives

Since arisk andysis can be used beneficidly for avariety of purposes, the specific objectives of therisk
anadysis and questions to be answered should be addressed prior to the risk analysis team mesting
(described in Section 1V). The scope of the work to be performed, time and budget constraints, and
target audience for the risk andysis must be documented such that there are common expectations for
the results (and how those results will be used) between those performing the risk andysis and those
using theresults. Astherisk andysisis planned, it isimportant to ensure that the scope of the work
planned resultsin information which is vauable to the decison makersin Reclamation. Once the plan
has been developed, it isimportant to recognize that unexpected information revealed during the risk
andysis can lead to the revison of the study plan and objectives.

1. Risk Analysis Categories. - For the purpose of this methodology asiit relates to
Reclamation’s Dam Safety Risk Management process, there are two basic categories of risk
andyses. Thefirg, termed “Basdine Risk Andyss” determines the risk represented by the
exiging sructure asit now stands and how it is currently operated. If there is a decison made
that the basdine risk judtifies additiona action, then a second category of risk analysis may be
employed. This second category, termed “Risk Reduction Analyss,” determines the potentia risk
reduction from the baseline condition for various dternatives that might be applicable a the Site.

It isimportant when planning for a Risk Analysis to understand the current status of risk studies
for the dam so appropriate comparisons can be made. Performing a Risk Reduction Analysis
without having dready developed the basdine risk is ingppropriate.

The different types of risk andyses for each category are described below.

Baseline Risk Analysis. - There are generdly three types of Basdine Risk Analysisused in
Reclamation:

. Portfalio Risk Andyss: Within the U. S. Department of the Interior, thereisa Technicdl
Priority Ranking (TPR) system in use for Dam Safety. The existing TPR system has beenin
use for more than a decade to prioritize dams for study or funding. The TPR is established
and updated by the Dam Safety Ingpector (Examiner) during preparation of the SEED
ingpection report. Exigting information on the dam and observations made during the
ingpection are used in determining the TPR.

There are currently sorme initiatives within the Department to replace the exigting TPR with a
system that isrisk-based. Asthey are developed and implemented, this portion of this
methodology document will be revised as appropriate.

e Comprehensive Fecility Review (CFR): Senior Engineers preparing the Report of Findings
(ROF) portion of the CFR estimate the risk posed by the existing structure. The results are
generdly reported in terms of the Tier 1 and Tier 2 guiddines[3] and while typicaly less
refined than the " I1ssue Evauation Risk Analyss’ described below, the CFR il establishes




an gpproximate basdlinerisk andysis of the structure. The risk analysis portion of the CFR
includes a definition of loading conditions, failure modes, and consequences for al load
classes (datic, hydrologic, and seigmic). Structurd failure modes are identified that improve
the understanding of the dam’ s behavior, however, response probabilities and associated
uncertainties are typicaly only consdered in agloba sense and detailed event trees are
usualy not prepared. Estimates are generdly only prepared by the Senior Engineer and
they are peer reviewed by a senior member of the staff. These estimates are based on the
experience of the engineer and on the datawhich is readily avallable. Uncertainty of the
quantitative estimatesis generdly not considered at this stage but quditative discussons of
uncertainty may be included to help the decison makers when ng the report.

All the information on the dam that exists a the time the ROF is prepared is used as input to
the CFR risk anadlyss. The Senior Engineer will dso consider information gained from the
CFR gteingpection. Hydrologic and seismic hazard studies are aso to be prepared for the
CFR process and should be used by the Senior Engineer when performing the risk andlysis
for the Structure.

Issue Evaudion Risk Andyss: Thislevd of risk andyssis generdly the most refined of the
basdinerisk andyses. The decision makers may decide from the results of the CFR or
other recent information that a lssue Evauation Risk Anadys's be commissioned. Once
commissioned, the Facilitator(s) and Team Leader would put together ateam typicaly
congsting of personnel from the TSC, Area, and Regiond Offices. The team may be asked
to verify the exigting risk by considering exigting risk andyses, additiona data that may have
been obtained since any previous risk analysis were performed, or to consider additiona
expertise (in the form of the experience of the personnd included in the team) while
estimating risk.

The team esimates risk in terms of Tier 1 and Tier 2 guiddines and will include a portraya
of uncertainty in thelr etimeates.

Thislevd of risk andysistypicdly involves developing event trees describing failure modes
and egtimating structura response probabilities, load probabilities, and consequences. At
this stage, the gppropriate technica staff becomes involved in the process by sharing their
knowledge of the dam and how it will respond to various loads as well as participating in
edlimating response probabilities. Areas of uncertainty will be identified for consideration by
the decison makers during their assessment of the risk. The team should identify data needs
where data collection would be expected to Sgnificantly improve risk estimates at an
economical cost in terms of time and money.

Over time there may be multiple Issue Evauation Risk Analyses commissioned to continue
to refine the basdline risk as more data is collected, different site information is obtained,
other expertiseis brought in, or as modifications are made to the structure. The god isto
progress to a basdine risk analysis that is adequate for the decison makers to continue to
make assessments of the appropriate response to take for the structure.

Risk Reduction Analysis. - A Risk Reduction Anaysisis an anadyss that examines dterndives
asto their impact on the basdline risk. This category of analyssis begun once the basdine risk
indicates corrective action is necessary.

Alternative ldentification Anayss - At thisleve of andyds, the god isto determine what
dternatives would potentiadly reduce the risk to acceptable levels so that further design
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concepts and cost estimates can be developed. While ateam approach istypically used,
the team is small and the process & first is not very detailled. The team would examine the
basdline risk for the components that are producing the highest risk and brainstorm
dternatives that would have a good chance of economicaly reducing risk to acceptable
levels. Alternatives could be both structura and non-structura and should consder dl the
components of therisk. The risk reduction may not be actualy quantified but a aminimum
the key concepts of where risk reduction is anticipated should be reported.

Alternative Evauation Analyss - At thislevel of andyssthe god isto fully examine
dternaivesfor their ability to reducerisk. Theteam should use dl previous andyses and
information to estimate the potentia risk reduction of the dternatives. If dternativesinclude
sructurd modifications, a certain level of design detail will be needed to make the estimates
such that the strengths and weaknesses of the proposed modifications can be studied.
Codts of the dternatives may be needed if there is a need to quantify the economic risk
reduction or if risk reduction indices[3] are to used by the decison makers. Previoudy
developed event trees can be revised to study and quantify the effects of the dternatives on
the components of risk.
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Table 1. - SUMMARY OF BASELINE RISK AND RISK REDUCTION ANALY SES

Category Type Product(s) Staffing Duration Methods Used DataUsed
Portfolio TPR Examiner | few hours Prescripted _avaitable data
- field observations
- known conditions
i - historical failure - above data
. . CFR ROF Senl_or 1-2 days probability - experience of Senior
Basdine Risk Engineer - simple event trees Engineer
i - back calculation to - hydrologic & seismic
Analyss Tier1& 2 hazard study
Issue Evaluation | ROF Team 1-10 days for meeting © getalled event trees - above data
. - decomposition to - new data
1-20 days for documentation estimate response - experience of team
probabilities members
; _ _ i Brainstorming based on | Results of Project team
Alter_n_atlv_e ROF Team 1-10 days for meeting _ baceling ridk beseline risk analysis
identification - FER 1-10 days for documentation
Risk Reduction - Sarvice
Analysis agreement
H _ ; Revise event trees for Field data; designs; and
Alternqtlve ROF Team 1-10 days for meeting . coch altermative ot et mates
evauation 1-10 days for documentation




2. Documenting the Scope of Work. - The Dam Safety Office, Regiona Dam Safety
Coordinator, Area Office representatives, and Team Leader define specific risk analyss study
objectives, including the basis for any decison to be made and the questions to be answered by
the risk analysis sudy team. The objectives may include an assessment of therisk of loss of life
and risk cogts, or adetermination of aress of concerns that need additiona data collection and
andyss. Thelevd of effort required for the risk analysisis one of the outcomes of this discussion.

A written scope of work, prepared by the Team Leeder, is extremey vauable in defining the
effort required for the risk anayss. While the document should have sufficient data to provide a
common understanding of the expectations, it can be prepared in asmple format such asthe
worksheets shown in Figures 3aand 3b. The key eementsto be identified include the objectives
of the Dam Safety Office, products expected, participants, a schedule and budget, data
availability and requirements, and the leve of effort required from the participants. When
completed, the scope of work should also meet the requirements of Technica Service Center
(TSC) Memorandum No. 3, which describes the preparation of service agreements.

The products of arisk analysis will vary with the objectives of the risk andysis. The products can
generdly be classfied as those which provide a description of the basdline risk at the dam and
those which frame potentia future actions on the impacts to the basdline risk. Products which
describe the basdline risk could include event trees, descriptions of potentid failure modes,
descriptions of loading and exposure conditions, evauation of existing data and analys's, and
charts showing risk and consequences associated with the dam in its present condition. Products
which frame future action could include eva uation of additiona data which would add vaue to the
andysis of risks, rlaive ranking of potentid risk reduction dternatives with respect to risk, and
estimates of the cost effectiveness of potentid risk reduction dternatives.

Asthe plan for therisk anadlyssis being formulated, it is aso important to recognize thet there may
be key questions from decision makers or others which need to be answered as part of the
process. Therisk analysiswill be of greater vaue to the decison makersif these questions are
Identified and documented at the start of the process so that they may be directly addressed.
Some examples of the types of questions frequently asked include:

Which failure modes contribute the greatest risk?

What uncertainties enter into the estimates of risk?

What information could be generated to reduce the uncertainty?

What outcomes could reasonably be expected to result from collecting the information?
How would the risk be affected by each of these outcomes?

What are reasonable aternatives for future action and what will they cost?

OOOOOO

While not dl of these questions need to be answered for dl risk analyses (depending on the
category), the risk andlysis participants need to identify what questions are important to the
decison makers and answer those questions through the risk anadlysis process.

Since risk andyses can be performed to varying degrees of detail, the detail required should be
documented at the beginning of the study. 1ssues to be addressed would include targeted failure
modes (if any), the availability of data, and any specific desires of the decison makers regarding
format of the results.
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Risk Analysis Scope of Work

Dan: Date:

Risk Analysis Category: 9 Basdine
9 Ildentify Risk Reduction Alternatives 9 Evduate Risk Reduction Alternatives

Dam Safety Office Objectives:
9 Determine whether or not identified dam safety issues require further investigetion

9 ldentify key sources of risk and uncertainty

9 ldentify future data and anayses needed to determine if risk reduction isrequired
9 Identify dternative courses of action for risk reduction

9 Quantify risk reduction for dternative actions

9 Other

Required Products:
9 Rik Andyss Report
9 Draft service agreement for next phase
9 Other

Risk Analysis Participants: (indicate which team member will serve as the recorder and prepare the
report) (not al of these participants may be required)
9 Facilitator(s)
O Team Leader
9 Geotechnica
9 Structura
9 Waterways
9 Geology
9 @Risk Resource
9 Region
9 AreaOffice

Risk Analysis Consultants: (Provide data and may participate part time)
Food Hydrol ogy/Palecflood
Seismic Hazards
Conseguences
Other

Schedule:
Start
Data complete 1
Products delivered to DSO 1

/ Draft products complete
/ Mesting complete

Figure 3a- Worksheet for Risk Anaysis Scope of Work
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Data Availability:

Data Type

Data Currently Available

Data Required

Dateto be
Completed

Hood Hydrology

Paleo Flood(s)

Sagnic Hazard
Curves

Dam Breach
Parameters/
| nundation

Mapping

Consequences

Other

Other

Staff-day Estimate:

Code

Data Collection

Risk Andyss

Draft Products

Review

Find Products

D-8110

D-8130

D-831_

D-832_

D-8330

D-8530

D-8540

Tota

Client Approva:

Figure 3b - Worksheet for Risk Anadlysis Scope of Work (continued)

Dam Safety Coordinator
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3. Timeand Budget Considerations. - Time and budget condraints play akey rolein defining
the study objectives. Time, budget, and the scope of the servicesto be performed are closely
related and must be balanced to achieve desired results. A key consideration is whether or not
the andlysisis dlotted a specific budget. 1f a specific budget and/or time is dlotted, the scope of
work must be adapted to generate the most vauable risk information within the dlotted time and
budget. If the time and budget are flexible, the scope of work must be negotiated with the
decision makers such that the scope of work will yield the required resultsin a cost effective
manner. When developing a scope of work and associated time and budget estimates, some
condderationsinclude:

C  Stageof Dam Safety Process - For Basdine Risk Analyses, decision makers may only need
information on the need for additiona data collection or they may desire more detailed
information in later stages of the dam safety process to complete their risk assessments.

C Potentia for Adverse Consequences - Risk analyses for mgjor storage dams tend to require
gregter effort than smal damswith smal reservoirs. In addition, dams with large
downstream populations may require more attention than those with smal downstream
populations.

C Public Awareness - Risk andlyses for dams with higher degrees of public scrutiny may
require the same effort to reach problem understanding as other dams, but will likely require
greater attention to presentation and documentation of the risks associated with aternatives
than those with lesser public concern.

By addressing these considerations in combination with devel oping an acceptable scope of work,
an appropriate schedule and budget can be developed for the risk analysis.

4. Target Audience. - Thetarget audience of every risk andysis isthe group of decison makers
who must determine what future actions, if any, are required with respect to the safety of the dam.
In accordance with Policy for Decisions Related to Dam Safety Issues [4], this group generdly
consgs of the Regiond Director, Area Office Manager, and Chief of the Dam Safety Office, or
their representatives. The objectives of the risk analysis should ensure that concise and adequate
information concerning risks and consequencesiis provided to these individuals for their

evauation. In defining the objectives of therisk andysis, participants in the process must
understand thet their role is focused on providing risk based information rather than making the
decison.

While the primary audience of the risk analyssis decison makers, there are likely to be other
audiences which derive benefits. These groups may include the risk analyss participants who gain
a better understanding of the performance of a dam, operations or water district personne who
gain abetter understanding of how their operations decisons impact the risk to the public, and
program managers who may use therisk andyssfor prioritizing future work. While each of these
groups hasavdid interest in the risk analysis process and results, it isimportant to ensure thet the
focus of the risk analysisis maintained on providing the decision makers with information that
contributes to their decisions.

5. Approval. - Thefina step of defining therisk andyss objectivesisto obtain gpprova from the

Dam Safety Office. This part of the process is complete when there is agreement on the scope of
work, schedule, estimated cost, and intermediate checkpoints. While there can be some effort
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involved in reaching this agreement and gpprovd, it is generdly hdpful in ensuring thet dll
participants have a clear understanding of the expected outcomes of the risk andysis.

B. Establishing the Study Participants

1. Composition. - Participants in the risk analys's depend on the type and complexity of risk
andysis being conducted. It isdifficult to define a generic list of participants that could conduct al
types of risk andyses. The composition of the team will depend on the objectives of the analys's
and on the level of detail expected.

For the Basdline Risk Analysisin the CFR process, a senior engineer typicaly prepares the risk
andysis and apeer reviewer provides the technica review of their analysis. Since the purpose of
the andydsisusudly to identify and prioritize dam safety issuesin need of additiond atention, the
senior engineer needs a strong familiarity with risk analysis procedures and failure mechanisms at
the dam. The engineer usualy has many years of experience evauating dam safety deficiencies,
but should not hesitate to draw upon other technical specidists as needed to address other areas
of expertise.

For an Issue Evauation Basdline Risk Andysis, the participants usualy consst of afacilitator(s),
recorder or note-taker, team leader, and a various number of team members and technical
specidigts (including someone to operate the software to manage the information generated -
currently @Risk and Precision Tree). The technica specidists participate on an as-needed basis
to understand and guide the thought process of the team and to provide specidized information
needed for the andysis.

2. Group Size and Organization. - Selection of the risk analys's participants is an important step
in preparing for arisk andyses. The number of participants requires baancing inclusiveness and
divergty againg group effectiveness and cost. Potentid participants include technical saff familiar
with the dam; operations personnd; technica specidigts familiar with loading conditions (loading
pecidists), failure consequences, or dam safety issues, Regiona and/or Area Office dam safety
coordinators, Dam Safety Office program managers, outside experts, and others who may be
ableto assst in assessing the critica safety issues for the dam. To keep the process as efficient
and effective as possible, participants may need to function in more than onerole, aslong as they
are qudified for each role. For example, the team |leader may aso serve asthe author of the risk
anadysis report, or atechnica specidist may function as the recorder.

For an Issue Evduation Basdine Risk Andysis, participation by regiona and area office personne
isgenerdly very beneficid snce they generadly have a good understanding of the loca conditions
and dam operations. For a Risk Reduction Analysis, some of the same individuals may have
important contributionsin the analyss of dternatives. Area Office and Regiona Personnd may
aso participate in arisk andysis to gain knowledge of the andysis so that their job of
disseminating the information to the public is made esser.

The size of the risk analysis team and how it is organized are integrdly related. While there are
few rigid rules for either, some generd guidance can be offered.

C  Ordinarily, most risk analyses will consider seismic, hydrologic, and Satic faillure modes,
supported by individua technica specidistsin these aress. It isuseful to conduct an
introductory sesson with dl team members in atendance during which basic information
about the dam and downstream consequences are reviewed, and the study objectives are
edablished. Itisdso desrable for dl participantsto assst in identifying loading conditions,
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failure modes, and consequence scenarios. This provides acommon basis for
understanding and sets the stage for the task ahead. Similarly, a closing sesson with dl
team members isimportant for communicating and synthesizing the outcome of the anaysis,
establishing consensus on the meaning of its results, pointing the way toward identifying data
needs, formulating corrective aternatives, and achieving severa of the other purposes
outlined previoudy in Section I1.

For an Issue Evauation Basdine Risk Andysis during which event trees are prepared and
probabilities assgned, it can be useful to convene separate subgroups for the seismic,
hydrologic, and Static aspects. If subgroups are established, it isimportant that there be a
core group of participants that are active in dl subgroupsin order to ensure consstent
treatment of information between groups. For any one of these subgroups (seismic,
hydrologic, or gatic), the following numbers of participants are generaly considered,
though not al are necessarily required:

Participant Number Role

Fecilitators 1-2 leads discussion (full-time)

Team Leader 1 overdl coordination, ensures condstency (full-
time)

Recorder 1 compiles information for documentation (full-time)

Technica 1-2 provides seismic, hydrologic, or static response

specidids input (full-time, may be an identified participant in

the risk andysis or a person with speciaized
knowledge in the subject matter.)

O&M personnd 1-2 provides detailed site information (full-time)

Loading 1-2 | explainsderivation of flood or earthquake
pecidigts recurrence relationships (part-time)
Conseguence 1 provides guidance and estimates on downstream
secidig consequences

Precison Tree/ 1 assists participants with capturing and displaying
@Risk operator event trees and probabilities so that failure modes

and risks can be understood red-time (full-time)

These numbers seek a baance between the need for afull range of killsin providing
information and conducting the analysis on one hand, and the desire to keep the group to a
manageable size on the other. 1n some cases, more than about ten participants can
consderably complicate the task of the facilitator(s) in moving the process forward without
providing sgnificant perceived benefit in terms of improved input.

3. Roles and Responsibilities. - Every participant has a unique role on the risk andyss team.
The team leader is given the task of coordinating and ensuring completion of the risk analyss.
Therefore, the team leader’ sfirgt job isto obtain atrained facilitator or co-facilitators. The
facilitator(s) work with the team leader and Dam Safety Office Program Manager to determine
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the expertise needed and establish the objectives and makeup of the teeam. One of the godsin
establishing the participantsisto select people whose qualifications make the process and results
credible. The team leader and facilitator(s) should communicate the study objectives and
individua roles and responghbilities to the team members a the beginning of the sudy. They
should consult with the technical and loading specidigs before the risk andysis to determine what
information is available or needed for the risk analysis. The following paragraphs describe the
various team members roles and responsibilities that are typically needed to conduct arisk
andyss.

The team leader makes arrangements for obtaining the necessary resources to conduct the risk
andysis and isrespongble for scheduling and budgeting. The leader’ s duties include preparing
service agreements, establishing meeting times, arranging conference rooms, and communicating
the budget and schedule to each team member and the client. The team leader should aso collect
relevant reading materials and make them available to the team before the first meeting.

The facilitator(s) should thoroughly understand the risk andlysis process and have considerable
experience leading and participating on risk anadyss teams. The team leader relies on the
facilitator(s) to provide direction and advice and to draw out ideas and opinions while conducting
therisk andyss. Together, they share ownership in the analysis and help each other in keeping
within budget and on schedule, while ataining the study objectives. Severd key characteridtics are
needed in afacilitator to assure a successful risk andysis. The facilitator should have participated
in severd risk andyses as a participant before attempting to facilitate and should have good
communication skills. He/she should be able to run an effective meeting and to dicit ideas and
opinionsin an impartid manner. The facilitator should understand group dynamics to deter strong
persondities from dominating the risk andys's and unduly influencing others. The facilitator should
a so be knowledgesble about dam failure modes and event tree congtruction, and should have
experiencein bringing the risk analysis process to closure. The facilitator(s) are responsible for
running the meetings, summarizing key pointsin the discusson, diciting expert opinion, leading
development of the event tree, assgting the participants in interpreting the results, and ensuring the
recorder gets the necessary information documented. The facilitator also needs to be adept at
recognizing individual biases and take steps to avoid alowing persond agendasto sway the
results. The facilitator(s) will run the meeting using the processes as outlined in Section V.

Responghility for caculation of fina probabilities and development of the event tree should be
assigned to the operator of the @Risk software or another participant. Loading specidists have
the respongibility to document the justification for loading condition probabilities and
CONSequUENCES.

Risk andysis participants should represent a variety of viewpoints and specidties. The group
should be tailored to address the specific questions that have been defined in developing the study
objectives. The participants should have extensive experience in their fidd of expertise and
should have considerable project-specific knowledge. Idedlly, a least one or more participant
should have extensive knowledge of the operation and maintenance of the structure, and usudly
will come from an Areaor Regiond Office.

Where ateam is conducting arisk analyss, a subgroup of the participants knowledgeable about a
certain failure mode or loading condition may be responsible for development of system response
probabilities. While these participants are meeting, loading speciaigts, technica specidigts, and
other technica staff can be caled in, as needed, to supplement their expertise. These specidists
might have extensve knowledge about the potentia loading conditions, engineering analyses,
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consequences of dam failure, economics, etc. These experts are encouraged to help theteam in
estimating system response probabilities.

Specidigs are responsible for development of loading conditions and probabilities (e.g.,
earthquakes, floods) and for development of consequences. Together, the speciaists and other
participants will develop warning time scenarios for use in consequence eva uations. Other
specidists may aso be caled upon to conduct additiona analyses of structura response; provide
briefings on specific agpects of response andys's, and assst in determining system response
probabilities as required. While briefing the team, the technica specidists must convey an
understanding of the assumptions and uncertainties of their andysesto the rest of the team.

4. Recognizing Limitations. - The composition of the study team will generdly consst of Saff
members with varying degrees of knowledge and enthusiasm for the risk analysis process. The
facilitator(s) should be aware of potentid biases which individuas may have rdaing to esimating
probabilities. Although bias can take many forms as discussed subsequently in Appendix A, one
of the more significant is known as motivationd bias, when the probability estimator has some
dtake or interest in the outcome of the andysis. This might occur, for example, if ateam member
were to attempt to please a superior with a"favorable’ outcome, or were to promote the
adoption of some particular modification measure, or stood to benefit from adopting certain
investigation techniques that the andys's might recommend.

The facilitator(s) needs to be dert to the potentia for motivationd bias anong members of the
study team. In unusua cases, such persons might be given the opportunity to be excused from a
particular risk analys's, but more typicaly a candid discussion emphasizing the need for impartia
judgments without preconceived outcomes may help to achieve the same end by conveying the
facilitator's awareness of these effects. If there is reason to suspect that motivationa bias may
have subgtantidly influenced the outcome of arisk analys's, the facilitator(s) are obliged to make
this known in the documentation and communication of results.

C. Risk Analysis Reading M aterials

Participantsin the risk andysis need to come to the initia team meeting prepared to discuss project-
specific fallure modes, loading conditions, operations, and the potentid consequences of dam falure.
This requires each participant to familiarize themselves with the project and risk analys's procedures
before the meeting.

The team leader is respongible for assembling a package of pre-risk analyss reading materids and
digtributing the information to the team. The purpose of assembling the package of reading materiasis
to begin to create equa understanding among participants about the risk analysi's process and problems
at the dam, so that each member can confidently contribute to the andysis. The materias should
include project-specific reports and genera information describing the methodology for conducting a
risk andyss.

If risk analysis participants would like to know more about the overall risk analys's process, genera
information describing how to conduct arisk andysisis contained in this document. Toolboxes (various
methods, processes, and information related to risk anadyses) are currently being developed that will
enhance the risk analysis process described in this methodology, and these toolboxes will be included
with this document as they are completed. Information concerning the manner in which the results of
therisk andysis are used isincluded in Guidelines for Achieving Public Protection in Dam Safety
Decision Making; Bureau of Reclamation; April 4, 1997. In addition, the participants should have

20



access to any previous risk andysis reports for the dam and/or an example of arecent risk andysis
report and case higtories of dam incidents/failures for amilar facilities.

Project-specific reports and eva uations should aso be collected. This materid includes field inspection
reports, construction and operations histories, as-built drawings, previous dam safety evauations and
anayses, geologic data, seismotectonic reports, flood studies, reservoir routings, performance
parameters, early warning system reliability studies, operating criteria, and pertinent correspondence.
The SEED Data Books and project files are sources of most of these materias for Reclamation dams.
The State Engineer’ s Office, other Federa agencies, or private owners are possible sources of
information for non-Reclamation dams.
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V. The Team Meeting

The information presented in this section was written primarily as a guide for the facilitators and
participantsin Issue Evauation or Risk Reduction analyses, though much of the information may be
useful to those preparing Comprehensive Facility Review leve risk analyses.

A. Meeting Agenda

Aswith nearly al meetings, an agendafor the risk andysis meeting should be developed. 1t should be
developed jointly by the team leader and facilitator(s) in advance of the actua meeting and sent to all
participants. The agenda should be detailed enough to serve severd functions as follows:

C

To give abroad overview of the actua meeting to help members understand the issuesto be
discussed

To dructure the meeting to help achieve atime frame for the topics (the agenda should include a
timetable for each mgor discusson)

To provide information to those who will be attending on a part time bass when their input will be
necessary (i.e. load specididts, response specialists, consequence specidigts, etc.)

While most of the typica agendaitems are discussed in other sections of this document, some particular
sections of the agenda deserve further explanation and are asfollows:

1. Introduction. - When ateam isfirst assembled for arisk andyss, it isimperative that dl
members be quickly brought to an enhanced understanding of technical and operationd issues
associated with the dam. While this objective can be partidly met through disseminating
background information prior to the team meeting, schedules do not always alow for everyone to
arrive a the meeting fully knowledgeable of the information provided. This part of the meeting is
extremely important as atime for becoming familiar with the dam, the risk andlys's process, and
other team members. Even though some of the topics might seem trivid, obtaining early
participation by al membersisjust asimportant as the information to be conveyed. If members
of the group can become comfortable participating in this part of the meeting, they will more fredy
share their indghts as the discussions become more technical. Suggested topicsto includein this
part of the meeting include:

C  Client Expectations - Study objectives which have been agreed upon with the client should
be shared with the team members for the purposes of making client satisfaction ateam god
and for identifying any obstacles to meeting the client’ s expectations. 1t is often worthwhile
to have the client attend this portion of the meeting so that any obstacles can be resolved
quickly thus dlowing the team to quickly focusin on ther task.

C  Team Members - Each team member should be asked to introduce themselves with more
than the customary background information. Information about each team member’s
previous experience with the dam and with risk analyses in generd will help al to better
understand the resources available to the team as awhole. Each team member should dso
be encouraged to express any expectations that they have about the process including areas
that they believe need to be investigated or even aspects of the dam that they intuitively
believe to be high risk. Asthe meeting goes on, it will be important to be able to address
the individua needs and expectations of the team membersin order for them to
congtructively contribute to the risk andysis process.
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C Risk Andysis Process - A brief overview of the risk andysis process should be provided
with specid emphasis on the importance of the knowledge and judgement of each of the
participants. Although some participants may have previous experience performing risk
anadyses, there may be some minor changes to the gpproach which are particular to the dam
being consdered. The follow-on use of the analysis results by the decison makers (i.e. risk
assessment process) should aso be explained.

2. Make Report Writing Assignments. - One person is responsible for pulling afind risk
analysis report together. In most cases thiswill be the Team Leader. Others can be assigned
responsibility for portions of the report, but the Team Leader will typicaly be required to compile
and generate the final product. A person will till need to servein the role of Recorder. This
person captures the details of discussion astherisk analysis progresses. Team Leaders will most
often not be the Recorder since they are required to participate intimately in therisk andysis
process and would not be able to perform the duties of Team Leader and Recorder
smultaneoudy.

3. Reviews. - An introduction to the dam and its gppurtenant structures will help participants to
understand the physica features and operationd aspects of the dam. Summaries of identified dam
safety concerns, previous analys's, data collection programs, and past performance will help the
team members to frame their input during subsequent parts of the meeting. This can take up to
severd hoursfor atypicd Issue Evauation risk andysis.

4. Potential Failure Modes. - A potentid failure mode is an existing inadequacy or defect
originating from a natural foundation condition, the dam or gppurtenant structures design, the
congtruction, the materias incorporated, the operations and maintenance, or aging process, which
can lead to an uncontrolled release of the reservoir. The participants should go through a
discussion of al potentia failure modes, and develop a thorough understanding of any failure
mode, and screen out failure modes that are judged to be ingppropriate or unredlistic.

5. Lossof Life Estimates and Other Consequences from Dam Failure. - All loss of life
information, including population at risk, potentia warning times and evacuation processes are
discussed. In addition, Region, Areaand Project personnel are queried directly about knowledge
they possess regarding potentia for loss of life. This helps ensure that loss of life estimates are
characterized to the best degree possible for usein therisk andlysis. Economic, socid,
environmental, and cultural consequences should aso be discussed so that al risk andysis
participants are aware of the broad spectrum of possible consequences associated with dam
falure.

6. Risk Analysis Calculations. - The Facilitator(s) should briefly discuss how probability
edimates will be solicited from participants and how thisinformation will be used in caculations of
risk. This should include how uncertainty will be portrayed and how the @Risk Software utilizes
thisinformation.

7. Conclusions. - When the probability estimates are completed and the event tree has been
caculated, the team should discuss the results. Sometimes, where there is Satigtical information
on the faillure mode being reviewed, the team may consider how their results compare to the
known failure rates. Maost importantly the team should be considering whether or not the results
seem to make sense in terms of their understanding of the known conditions a the dam. If there
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seem to be discrepancies, areview of the logic and probability estimates that have been prepared
may provide a better understanding or identify a need to reevaluate the etimates. Facilitators
serve akey role in ensuring that riak has been properly characterized in afashion usegble by the
decison makers.

When the results appear reasonable to the team members, it is frequently beneficia for the team
to develop asummary of their findings. Six questions have been developed as a means of
addressing key areas of the summary. The questions are:

Which failure modes contribute the greatest risk?

What uncertainties enter into the estimates of risk?

What information could be generated to reduce the uncertainty?

What outcomes could reasonably be expected to result from collecting the information?
How would the risk be affected by each of these outcomes?

What are reasonable options/courses of action and what will they cost ?

OOOOOO

Depending on the level of the andysis, answering these questions (as applicable) should provide
vauable information to the risk assessment process.

8. Future schedules. - It isimportant for the team to understand the anticipated schedule to be
followed after the meeting. While schedules for report completion will typicaly be determined a
the time the project plan is developed, team members should fredly discuss their commitment to
the schedule. In addition, there may be aneed to brief other portions of the organization and the
team members need to be made aware of these briefings.

B. Developing Event Trees

1. Principles. - Event trees are used to represent sequences or progressions of events that could
result in adverse consequences when a dam or associated structure responds to various loading
conditions. By providing agraphica representation of the logic structure for the progression of
each failure mode, an event tree becomes the template for subsequent assgnment of event
probabilities and caculation of risk. The event treeis aso atool for evauating changesin risk
given certain actions and assumptions. In addition, it is a means for identifying where the grestest
potentid risks are. And perhaps most importantly, it fosters common knowledge and
understanding of failure modes, and synergetic discussion of various issues associated with failure
modes. The risk associated with one sequence in the event tree is the product of the load
probability, the structura response (failure) probability given that the load has occurred, the
adverse consequence given that the load and failure have both occurred, and the magnitude of
that consequence. Thetotd risk for the load category isthe sum of the products for al event tree

paths.

An event tree consgts of a series of linked nodes and branches. Each node represents an
uncertain event or condition. Each branch represents one possible outcome of the event or one
possible state that a condition may assume. Together, al of the branches emanating from anode
should represent the mutudly exclusive and collectively exhaudtive set of possible outcomes or
dates (thisis typicaly not done in the load range branches). The branches are mutualy exclusive
if each branch unambiguoudy describes one and only one possible outcome (i.e. thereis no
“overlgp” among them), and they are collectively exhaudtive if together they describe dl possible
outcomes (i.e. probabilities add up to 1.0).
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The event tree is congtructed from left to right, Sarting with some initiator event and proceeding
through events describing the response of the dam to each leved of the initiator. These event
sequences are developed al the way to breach of the dam, and findly to consequences that result.
Each event node is predicated on the occurrence of al directly-linked branches that precedeit in
the tree,

The best way to start creating an event tree is to establish failure modes through a failure mode
screening process. Once afalure mode has been identified, the event tree should be formulated
to show the sequence of events and/or conditions which would have to take place or exist in
order for the dam to respond in an adverse manner. Often it is useful to begin with “logic
diagrams’ that generdly list the various sequentia steps needed to take place during a given failure
mode. These diagrams are less complex than the formally constructed event trees. The event
tree should also identify possible interventions which could terminate the development of the
adverse consequence. An example of this might be consideration of congtruction of an
aternative(s) that would prevent the continued development of adverse consequences. For
ingdtance - have an “intervention” node in an event tree for a seepage related failure mode where
the probability of successfully constructing say filters, or drains, or aberm, etc., is consdered.
Successful intervention would terminate one path of the event tree.

Performance Parameter Technicd Memorandums (PPTMs) are particularly helpful for identifying
falure modes. If aPPTM exigts, the performance parameter team has dready done most or al of
the ground work by listing and describing failure modes aong with monitoring that can help detect
initiation of afalure sequence. Therisk andyds participants should il try to identify additiona
failure modes, or, if necessary, revise the ones ligted in the PPTM. If the risk andlys's participants
do discover something missing in the PPTM, they should recommend a revison to that document.

Case higories can provide additiond ingght for identifying failure modes and for bresking down
the modes into sequences of events, a process sometimes called “failure mode decomposition”.
Failure and incident information provided in case history reports describe the progresson and
sequence of the events that have occurred for other dams. Thisinformation provides the means
for conceptualizing and specifying the occurrences, conditions, and interventions that could be
pertinent to the dam under consideration. For many dam types and gpplicable failure modes,
there are often one or more especialy well-documented failure(s) or incident(s) that chart the
progression of eventsin some detall. Incidents that have progressed nearly to failure but have
stopped for some reason provide information that is as vauable asinformation regarding complete
falures

The potentid failure modes should be identified and each event in the progression should be
explicitly and unambiguoudy documented (such that al team members have a common
understanding of the potentia failure modes) for later use in the structurd response probability
estimation phase. Considerable effort should be devoted to determining atypica failure modes
that might be unique to the dam in question. The potentia for adverse consequences associated
with improper operation of the facilities should be considered as one of these unique failure
modes.

2. Complexity. - The sze and complexity of the event tree depend on what is known about the
dam and its expected behavior under different loading conditions, on the complexity of the failure
modes considered, on the number of load ranges needed, and to some degree on the purpose of
therisk andysis. The event tree must balance needs for comprehensiveness and detail against
needs for consistency, clarity, and communication. Too little detal can reduce the ability to target
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specific risk contributors and can create problems in making reasonable structural response
probability estimates. Too much detail, and the event tree becomes unmanagesble or
Incomprehensible to a degree that important ingghts are lost. Techniques for achieving an
aopropriate level of detall in the event trees include the following:

C  Truncate non-failure branch pathways as early as possible - There is no need to propagate
event sequences once it becomes gpparent that they cannot lead to an uncontrolled release
of the reservoir. The reasons why an event sequence branch is truncated are an important
part of the risk analys's documentation.

C  Congruct separate event trees for each load type, and sometimes, for each load increment -
These trees will often be smilar or identica, but congtructing them separately and
sequentially better organizes the process.

C  Useadaged approach - Aswith any other engineering andysis, it is unreasonable to expect
that everything can be fully captured in an event tree on the first pass through the problem.
A comparatively smpleinitia effort can identify the key dementsin the tree that need to be
expanded and lessimportant parts that can be pruned in subsequent iterations.

C Limit the number of load increments for initiator events - Bounds for |oad increments should
be chosen specificaly to bracket load ranges where it is expected that the structural
reponse (or the consequences of dam failure) will be fundamentdly different from the
sructure’ s response (or the dam failure consequences) in other load ranges.  Sometimes
load ranges are sdlected to represent information available from reated andyses. Dividing
the full range of possible loading vaues into afew incrementsis usudly sufficient for most
problems. While any number of increments can be used, there must be sufficient reason to
suspect that consdering different load increments will lead to different structura responses
or to some fundamenta change in the adverse consegquences.

3. Load Ranges and Increments. - The flood or earthquake initiator events can take on any
vaue over very wide limits of the recurrence curve. It is necessary to confine these limitsto a
sensble range of vauesthat can affect the structura response or consequencesin a significant
way. The number of increments and how they are defined have important implications on design
of the event tree that affect its Size and the ease with which subsequent structurd response
probabilities can be estimated. Two threshold load levels naturdly suggest themselves: a
threshold below which no structural damage or adverse consequences are expected, and a
threshold above which structurd failure isdmaost certain to happen. Between these thresholdsis a
load range where structural damage or adverse consequences is possible to varying degrees.
Within this range other threshold load leves can be identified where Sgnificant changesin
structural response or possible adverse consequences take place.

Often, the maximum load aready experienced by the dam may be selected as the threshold below
which no structural damage or adverse consequences are expected. The dam has survived this
load, and one can usualy assume that the dam will survive arepeet of thisload, unlessthereis
some progressive degradation mechanism at work. Parametric studies conducted as part of a
previous dam safety analys's can aso provide ingght regarding this lower bound threshold.
Examples of these gpproaches to developing load ranges are:

Hydrologic Loading - Using the flood of record to establish the threshold of adequate
spillway performance. The spillway either successfully passed or did not pass the flood of record.
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Seismic Loading - A comparison of available liquefaction susceptibility sudies to potentia
earthquake induced peak horizonta accelerations at a dam ste can be used to set the lower
bound of earthquake shaking that a structure can withstand without failure of the structure, .i.e,
the accel eration bound below which no liquefaction is expected to occur.

Static (normal) Loading - There may be a geologic feature located at an eevation within a
reservoir storage area where inundation by water begins development of potentialy adverse
seepage conditions. Below the devation of this geologic feature dam performance related to
seepage is adequate. The time period the reservoir water surface is below the elevation of the
geologic feature would be one bound on the gtatic loading.

The lowest load range is very important due to its relatively high occurrence probability. Thisload
range should establish the load range for which the dam is expected to perform without failure.,
Typicdly, thisload rangeis caled the “threshold” range for initiation of failure. Participants must
be careful to assess the failure threshold value redidticaly. A *conservative’ threshold estimate
which underestimates the load leve a which failure can occur will sgnificantly increase the
perceived risk a the dam.

Arbitrary designations such as the Probable Maximum Food (PMF) or Maximum Credible
Earthquake (MCE) generally should not be used asthreshold levels. Determinigtic analysesto
create a PMF hydrograph and route the hydrograph through the dam’ s spillway and outlet works
usudly indicate the dam will overtop at some level well below the PMF. Likewise, some dams
would not be able to withstand earthquake loading well below the MCE. Furthermore, itis
difficult to accurately associate return frequencies with a PMF or MCE.

The resulting threshold levels, and the corresponding ranges between them, may initialy be chosen
ingppropriately by the participants. The calculated risk for aparticular event tree branch may
gppear intuitively incorrect. This particularly happens when the chosen ranges are too wide. Risk
andysis participants typicdly estimate a high structura response probability for a given range that
might be more correctly associated with just the upper end of the range. The lower end of range
determines high frequency of load occurrence. When the selected probabilities are multiplied
through the branch, the calculated risk appears too high. If the result does not make sense, the
participants should try splitting the load range so the probability estimates more accurately reflect
the anticipated performance of the dam.

C. Egtimating Load Probabilities

The three categories of loading conditions typicaly required in risk andysis are Setic, hydrologic, and
seigmic. Each of these loading conditionsis briefly described in the following paragraphs. The
discussion emphasizes the products needed by the participants, the range of extrapolation, and the
uncertainty of the structura response probability estimates. The technica details for developing the
loads are not described, but may be found in numerous engineering textbooks and manuas. The
respongibility for estimating load probabilities lies with the supporting technica specidigts and the
technicd daff participating in the risk andlyss.

Generdly, load probabilities are estimated using the staged gpproach. The level of detail of the risk
andysis determines the amount and qudity of information used in the analyss. More detailed stages of
risk andysis may require more detailed loading condition information. Additiona work on the loading
conditions is performed only if warranted by the vaue added to the dam safety decision process
(through the reduction or better portraya of uncertainty). Extra study cost should be weighed againgt
the expected improvement in the quality of the dam safety decision.
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The failure of upstream dams should not be consdered as loading conditionsin arisk anayss. Therisk
of multiple dam failuresfincidents are addressed by assigning the cause of failure to the most upstream
dam failure and including the resulting dam failures as consequences for that dam.

1. Static L oads. - The dtatic loading condition encompasses awide variety of specific loading
conditions to which adam is routindy exposed during the course of normal operation. These
loads can include hydrostatic loads imposed by the reservoir, static and dynamic loads imposed
by operating various components of the dam and its gppurtenant structures, loads induced by
landdides at the dam or on the reservoir rim, or by the hydraulic phenomena (seepage, erosion,
cavitation) associated with water passing through and around the dam.

Mog datic loading conditions are related to the reservoir level ether in terms of the magnitude of
the load, time of exposure to the load, or the potentia for adverse consequences. Therefore,
historical reservoir eevation records are an important information source for assessing the
likelihood of failure modes associated with Static loading conditions. When evauating the
historical reservoir information, it isimportant to consder the data in afashion which is consstent
with the failure mode being developed. In the case of gates, the exposure is directly related to
exposure time above a given reservoir water surface eevation. In the case of piping, the
exposure may be more related to whether or not the reservoir has reached a specific leve a
some previoustime. In each case, the historical data must be organized in a fashion which yidds
meaningful information for the anticipated potentia failure mode.

For most team risk anadyses it islikely that a Reservoir Load Frequency Curve will need to be
developed by Reclamation’s Structura Behavior and Instrumentation Group. 1n some cases
information available on reservoir devationsisincomplete and additiona information for
development of a Reservoir Load Frequency Curve will need to be obtained through Region,
Areaor Project Offices. In addition, it will be necessary to evauate what, if any, load ranges
need to be considered when performing a given risk anadys's (see additiond discussion of load
rangesin Section 1V.B, “Developing Event Trees’). The load ranges may be discrete eevations
of concern (i.e., there might be a geologic formation at a given devation that relates specificdly to
agiven falure mode) or there could be a continuous loading condition (i.e., the faillure mode is
seepage through the embankment/foundation contact when the reservair fills each year and the
structure responds quickly and fully saturates).

2. Hydrologic L cads. - The development of flood frequency relationships and reservoir inflow
hydrographs are important inputs to the risk analysis process. For risk andysis, the focus of flood
evaudions shifts from a angle maximum event, like the probable maximum flood, to describing a
range of plausibleinflow flood events. The products developed for aparticular risk andysis
depend on the leve of study and the information available. In some cases, concurrent
hydrographs are needed for tributaries located downstream of study dams so that flow conditions
can be defined for analysis of the consequences of flood induced failure modes. Likewise, for
more detailed risk anadyses, regiona and site-specific hydrologic and paleoflood investigeations
may be necessary to determine the flood potential and frequency.

Following are severd types of studies which may be performed to generate the necessary flood
frequency information for arisk anayss. Therisk andyss participants should evauate the
currently available flood routing and flood frequency information in conjunction with the flood
hydrology technica specidists to determine what type of study, if any, isrequired.

C Prdiminary Foood Frequency Andyds- The andysiswill use avalable information including
recorded stream flows, paleoflood data, regiona envelope curves, rainfal frequency
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relationships, and higtorica accounts of large floods. This information will be combined and
synthesized into a flood frequency relationship for peak inflow at the sudy dam. The curve
will extend to floods with return periods in the range of the 1,000- to 10,000-year events
and include an estimate of the associated uncertainty.

C Flood Hydrograph Andlyss - This andyss builds on the information generated in the
preliminary flood frequency andysis. Along with the updated flood frequency andyss,
hydrographs will be generated and routed in an attempt to identify the effects of reservoir
storage and flood volumes on downstream releases. Simplified approaches will be used to
minimize the cost of the study effort.

C Detalled Flood Frequency Andysis- A combination of methods will be used to analyze the
problem. The gppropriate tools depend on the available information. Some of the tools
available include detailed paeoflood investigations, design event-based precipitati on-runoff
modeling, stochastic event-based precipitation-runoff modeling, meteorologica studies,
atmospheric sorm modeling, continuous smulaion modeling, etc. Confidence in the results
comes from combining gppropriate methodol ogies.

3. Seismic L oads. - For utilization within a risk-based framework, seismic hazard evauation
must explicitly contain information on the frequency of occurrence (and/or exceedence) of
relevant loading parameters. The currently accepted practice for evauating and conveying
seigmic hazard information in this fashion is probabilistic seismic hazard assessment (PSHA). The
firdt step in any seismic hazard evauation is source characterization. For usein risk andyses, both
fault and ared (background or random) sources should be incorporated into the hazard
evauation. PSHA attempts to incorporate uncertainty in source characterization by alowing for
aternative source and recurrence models aswell as uncertainty in recurrence parameters. For
fault sources, uncertainty in source dimensions, sense of dip, and orientation (and hence maximum
magnitude) should be incorporated for detailed Sudies. Definition of earthquake recurrence for
both aredl and fault sources should incorporate some estimate of the uncertainty in seismicity rate
and the assumed magnitude/recurrence reationship. The ultimate goa of PSHA is specification of
ground motions. For usein risk analys's, ground motion estimation should incorporate
uncertainties in source-Site distance, selection of attenuation relationships, and observed variability
in ground mations (Sgma) in thefina product.

By definition, PSHA integrates contributions over the entire spectrum of magnitude and distance
from each defined source and then sums contributions from each source to develop a didtribution
of ground motion level for each annua frequency of exceedence. The most frequently used
seismic hazard product is a smple hazard curve that relates a ground motion parameter (often
peak horizonta acceleration, PHA) to annual probability of exceedence. Because PSHA is
Integrative, this curve contains contributions from all sources, magnitudes and distances. Therisk
andysisteam may find it useful to consder dternative representations of the hazard. Frequently
used optionsinclude: breaking out contributing sources individudly; portraying contributions by
meagnitude level; sorting the hazard into discrete magnitude and hazard “bins’; considering
aternative ground motion parameters such as response spectrum ordinate(s), acceleration or
velocity spectrum intengity, or Arias intengity.

For use in liquefaction evauations, congderation of ground mations organized by magnitude levels
is often quite useful. Risk contributions from the various magnitude levels are then summed. This
dlows for integration with commonly used geotechnica parameters (such as magnitude
adjusment factor) when evauating liquefaction likeihood. Likewise, acceleration spectrum
intengties (ASl) is commonly used as input for the structurd andlysis of concrete dams, spillways,
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and outlet works intake towers when subjected to seismic loads. Thisinformation can then be
used to estimate the probabilities of the various responses of the dam or appurtenant structures to
the seilamic loading conditions being eva uated.

D. Egtimating Structural Response Probabilities

Edtimating structura response probabilities is generdly the mogt difficult and time-consuming activities
faced by arisk andysisteam. Itisaso probably the areaof the whole process that might change most
with time. Steve Vick has prepared an excelent summary of the factors, influences, and considerations
that should be understood and incorporated into arisk analysis when undertaking thistask. This
information is provided in Appendix A.

Summarized below is aprocess for making structura response probability estimates that has been
found to work well for various risk analyses. All steps described below are performed jointly by al the
participants of the risk analyss team.

Step 1. - Thefird step isto be sure each team member has a clear understanding of each node of
the event tree. (An event tree node represents a choice at which the preceding event must be
consdered to have happened and two or more subsequent events could take place.) Thisis best
done by having the facilitator(s) write out the description of the node at the top of aflip chart (or
some other visua meansthat isreadily accessible at any time). An open discussion usudly takes
place during this step where team members fredy discuss their understandings of the event node
and the wording being proposed. The facilitator should then capture the thoughts of the group
into the description of the node. For instance, a node description for “unfiltered exit” might be:

“the soil particles that are being carried by seepage flow must exit from thedam at a
location where there is no filter present to trap the soil. A filter is defined as a soil that
reasonably meets Reclamation’s design standard for filters.”

It is perfectly acceptable to further decompose the node in the word description. For instance, a
node description as above might also add:

“The zone 2 of the embankment must reasonably mest filter criteriafor thezone 1. The
zone 3 outer shell must reasonably mest filter criteriafor the zone 2"

Step 2. - The group then ‘braingtorms’ any and al information that is pertinent to the event node
being discussed. Each piece of information is listed on the flip chart in elther a*factors leading to
a higher probability’ or ‘factors leading to alower probability’ column depending on whether the
information is can be used as evidence to support or oppose belief inthe event. Theliding is
usualy done on the same chart immediately below the node description. The terms *factors
leading to a higher probability’ and ‘factors leading to alower probability’ are used in terms of the
event node, as described, actualy happening. The team should agree that the information is being
placed in the correct column. Disagreements are usualy solved by using clear wording that
describes the information or by adding an opposing view in the opposite column. The purpose of
this step in the processisto display dl the information that will be used in making the estimate for
al team membersto see and discuss. As described below in step 3, the team members can judge
for themsdves the importance of the information being listed as they make their estimates.

Nearly any type of information is permissble to be listed if it hel ps the team members make their

edimates. For ingance, “gradation limits in congtruction specification meet filter criteriafor the
zone 1" might be listed in the ‘factors leading to alower probakility * column for the ‘unfiltered
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exit’ description discussed above in step 1. Others might be “93 out of 95 gradation tests of as-
congtructed earthfill showed acceptable limits were achieved” [factors leading to alower
probability]; “2 out of 95 gradation tests of as-constructed earthfill failed the limits and were left in
place’ [factors leading to a higher probability]; “the specified gradetion is likely to segregate
during placement” [factors leading to a higher probability].

Also to be listed are any smilarities/dissmilarities with the case histories being used asa
comparison. For ingtance, “the zone 2 for ‘Dam X’ (the case history dam) was much less
compatible for the zone 1 than is the dam under study” [factors leading to alower probability].

Even information of a genera nature or member biases can be listed. For instance, one team
member might want to list his’her concerns as to the appropriateness of thefilter criteriaused in
the liting of the above information and include thisin the ‘factors leading to a higher probability ’
column. An example showing arecord of steps 1 and 2 is shown below. Consderable report-
writing time can be saved if this chart can be crested on a computer as the discussion takes place.
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Record oti: Discussion
or
Probability Estimates

Dam Component: Alternative: Reservoir Restricted to 238 ft.

Failure Mode: 1a- Piping from embankment into foundation- Alluvial -
RESERVOIR RANGE 230-240

Event: Unprotected exit -does not have ability to block particle movement (exit that has large open
volume to store and/ or pass embankment materials such that a piping initiated breach of the
structure would not be prevented)

Factors leading to higher probability Factors leading to lower probability

Open work gravel seen in 2 test pits and 1 Alluvium appears to meet filter criteria for

exposure zone 1 & 2 embankment (based on sampling
50+-tests)

Sampling method used for Alluvium appears to | gravels are probably discontinuous with
meet filter criteria for zone 1 & 2 intervening finer grained materials
embankment (based on sampling 50+-tests)
may not have gotten the fabric of the soils.

1 outlier of samples did not meet filter criteria. Construction process (for emb) would have
tended to mix some finer material into open
gravels.

Original design probably did not account for High gradient across thin us blanket (even

filter criteria cracked) therefore no piping

Zone 2 from alluvial source

Discontinuity of material

Estimates:

Reasonable Low:

Reasonable High:

Distribution of estimates between reasonable low and reasonable high:
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Step 3. - Once aclear understanding of what the node of the event tree represents has been
established (step 1), and Al relevant issues by team members related to that node have been aired
and summarized (ep 2), then a probability estimate may be made for the node of interest.

The team should obtain “reasonable high” and “ reasonable low” probability estimates.  Elicit a
“reasonable low” probability estimate by sdlecting atrid vaue and asking “Isit unlikely thet the
actud probability vaueislessthan thisvaue?’ Elicit a“reasonable high” estimate by sdecting a
trid vaue and asking “Isit likdly that the actua probability isless than thisvaue.

Determineif the group feds that any given vaue within the established range should be more likely
than any other. Stated another way, does the group fed that al vaues within the range are
equdly likely? If thereis no sngle “modt reasonable’ or “popular vaue’, then auniform
distribution should be used. If there are reasons to suspect one vaue is more likely, these reasons
should be stated for the record and a triangular distribution should be used with the pesk of the
triangle placed at the value which would be expected to occur most often. Related discussons on
edtablishing estimate digtributions are provided in section V.B.

The team should be told how the digtributions will be used in the Monte Carlo analyss. The
expected vaue for the both the uniform digtribution and the triangular distribution will be the mean
vaue of dl the random sdlections for each varigble during the smulation. For the uniform
digtribution this should not be a problem. However, if the group believes that an erroneous mean
vaueisto be used about which the random simulation should pick values equaly digtributed, then
the group might reconsider if atriangular distribution should be used.

The mean of the triangular didribution is often not the same as the mode. During the smulation,
vaueswill be equdly digtributed about the mean. The mode will be the vaue randomly selected
more often than any other during the smulation, but the 50th percentile will often be some other
vaue. If many of the digtributions for eventsin the event tree are skewed like this, it may result in
the “most popular” estimate caculated for annudized life loss being off-center within the range
edimated from the Monte Carlo sSmulation. Thisisnot atechnica problem, but it may be difficult
to communicate the reasons to those not well versed in probability and statitics.

Verba descriptors can be used for assigning response probabilities when there is not abasis (i.e.
gppropriate datigtica information) for use of what can be termed the “known” failure frequency
rate method. For example, under these circumstances the team members can use the subjective
information that was generated during step 2 (“factors leading to a higher probability ” versus
“factors leading to alower probability ” exercise) to judgeif the event tree node designated
“unfiltered exits’ ismore likely or unlikely relaive to the scae of verba descriptors as shown in
the following table:
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VERBAL DESCRIPTORS

Descriptor Probability
Virtudly Certain 0.999
Very Likey 0.99
Likely 0.9
Neutral 0.5
Unlikely 0.1

Very Unlikdy 0.01
Virtudly Impossible 0.001

Background information related to the development of relationships between verba descriptors
and probability estimates can be found in Appendix A.

In the example being used, the team members might assign averba descriptor of “very unlikely”
(probahility of 0.01) to the node described as “ unfiltered exit” in step 1 above based on the
avalableinformation:

“93 of 95 gradation tests of as-congtructed zone 3 earthfill materials generaly met
Reclamation filter criteriafor the zone 2 earthfill materid where seepage might exit”

“Zone 3 earthfill materids are such that they are not likely to separate and segregate during
placement”

“As-built drawings indicate that zone 2 and zone 3 earthfill materids were placed to the lines
and grades specified”

Estimates of response probabilities can sometimes be made on a more quantitetive basis by
comparing known historical or datistica databases that are relevant to the node for which a
reponse probability isbeing estimated. An example of this method for estimating a response
probability for a node described as “unfiltered exit” might be:

“Reclamation has about 150 dams that have clay tile drains’

“22 of these clay tile drain systems have been shown to have defects or crushed zones that
compromise the integrity of the drain”

“While none of these 22 compromised clay tile drain systems have lead to failure of a
Reclamation structure, there have been 6 incidences where materia was piped through the
compromised portions of the clay tile drain system, i.e., Clark Canyon Dam”

Based on the outlined information, one could assign an estimated response probability of 0.04

(6/150) for an “unfiltered exit” related to Reclamation damswith clay tile drain systems. The
datigticd information presented here for drains and piping incidents is only hypotheticd, but this
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type of information could be gathered in many cases to help make probability estimates. Any
available gatistica information of this nature should be presented in establishing the likely ranges
for the probability estimate.

Another useful way to incorporate performance based probability assessmentsisto consider
certain repested events or multiple examples of an identical condition as repeated Bernoulli trids.
If arandom event has a probability of occurrence of p, the probability that this event will occur in
n independent trids, p,,, is given by the following equation:

Ph=1-(1-p"

An example would be a pair of fair dice thrown 10 times.  The probability of getting two sixes
each time the dice are thrown is 1/36. The probability of getting the two sixes a least oncein 10
throwsis 1 - (1 - 1/36)*, or about 25 percent.

It is appropriate to consder this equation in two Stuations where structural response probabilities
are being etimated. One Stuation iswhere a potentia initiating event takes place many times
over the life of adam, and each time the event occurs there is the same probability that this event
will trigger some other event. In this Stuation, p isthe probability thet the initiating event will
trigger some other event, and n is the number of times the initiating event has occurred. Another
Stuation is where many dams have the same component, and if this component is present, there is
acertain probability it will cause some other event or condition to hgppen. Inthis Situation, nis
the number of dams and p is the probability the condition will cause the other event to happen.

One way this can be used isto check the reasonableness of a probability estimate. Assumea
given reservoir has reached devation 5340 fifteen timesin the last forty years, and that no ol
materias have gppeared in seepage collection weirs during that time period. Assume that when
the team is congdering piping, the team members estimate the probability is .3 that materia
movement would begin should the reservoir reach devation 5340 in any given year. The above
equation saysit is nearly certain (a99.53 percent chance) that materid movement should begin if
the reservoir rises above 5340 fifteen times. Since the reservoir has been above that eevation
fifteen times and no materia has been observed, the .3 probability estimate would seem
unreasonable (unless other factors could be placed in the “factors leading to a higher probability”
evidence column).

Step 4. - Therisk analyss participants then identify the factors from step 2 that had the greatest
effect on the probability estimate generated in step 3. Returning to the flip chart containing the
factors pertinent to the event, the team should identify those items on the flip chart which were
most important in arriving at the probability estimates. 1n addition, the team should indicate why it
believes the mogt significant factors should receive more weight than others. This can include a
discusson of what adverse Stuaions actudly exist versus what adverse stuations only have the
potentia to occur. While this process may result in debate among the participants, this discusson
can bring out additiona information which was not previoudy available or readily understood.
This information and discussion should be documented by the recorder.

Step 5. - The facilitator(s) should ensure the risk analysis participants have reached consensus on
the probability and uncertainty estimates. This does not mean that the facilitator (s) must
force all membersto accept a single estimate. Rather, the facilitator(s) must sensethe
group’ s fedling as discussion takes place, suggest areasonable starting place as abest estimate,
and canvass the group’ s willingness to accept the estimate. The facilitator(s) may use words like
“I"'m senaing the group feds fairly neutra about this estimate, how about 0.57" Or, “I sense there
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are more reasons to believe we are on the likely rather than the unlikely sde of being neutra.” If
the discussion indicates the event is not very probable, the facilitator(s) could use the verbal
descriptors by suggesting: “1 sense the group fedsthis event is not very likely, should this be very
unlikely or virtudly impossible?”

If the group cannot agree on an estimate, the divergent opinions must be accounted for in the
andyds. At this point, the facilitator(s) should focus more on getting agreement on the possible
range and characterigtic probability distribution for the estimate (see Section V). The facilitator(s)
should lead the discussion between the protagonists of the opposing views and identify the
underlying premises or key evidence supporting eech argument. Thisisavery fruitful areato
obtain ideas that would suggest further exploration or analyss to resolve the differences. The use
of the software “Precison Treg” and “ @Risk” makesit very easy to carry arange or different
distributions through the risk andlysi's calculations, and to examine “what if” scenarios to determine
how a given piece of information might affect the outcome.

If the group cannot agree that arange or distribution will adequately characterize their judgement,
then the analysi's can be conducted using each representetive estimate in separate calculations.
The separate caculations for risk would then be reported aong with the descriptions of the
conflicting ways the group members saw the problem.

Step 6. - Once consensus is reached on the specific response probability estimate and
uncertainty, the process continues by repesting steps 1 through 5 for each remaining node of the
event tree.

When steps 1 through 6 have been completed for al the event nodes, the risk analysis process
continues by congdering and quantifying what adverse consegquences could occur, as described in the
following section.

E. Estimating Consequences

Potential consequences resulting from an uncontrolled release of areservoir have severd different
dimensions. In addition to the economic losses related to lost project benefits and potential damage to
property in the inundated area, there is the potentia for loss of life, dteration of the habitat and
environment, socid impacts on the local community, and loss of confidence in the dam owner and
operators. Since these consequences are not directly commensurable, the weights given to each for
decison making are generaly made separately from the technical andyss. The process of weighing
different valuesin decison making is caled risk assessment, as opposed to risk analyss. However,
certain technica datais required by the decison makers to understand the magnitudes of the various
dimensions of the consequences. The following sections provide generd consderations for estimating
the potentia magnitudes of uncontrolled outflows, the extent of the inundated area, and the resulting
potentia for loss of life and economic damages.

1. Dam breach parameters. - The breach parametersidentified for each failure mode,
especiadly the time for abreach to form, greatly affect the downstream flow rate from dam failure
and the time avail able to warn the downstream population. Breach parameters assumed to
develop inundation maps for Emergency Action Plans are generdly conservative. During an Issue
Evduation risk analyss, it may be important to examine these assumptions. Thisis specidly true if
the reservoir sorageissmal and if asgnificant portion of the reservoir is released as the breach
forms.
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Breach formation parameters in embankment dams depend primarily on the amount of water in
the reservair, the hydraulic height, the methods of the dam'’s design and congtruction, and the type
of falure. Empirica methods are used to determine the width, side dope angle, and the bottom
elevation, and the breach development time [5,6,7,8,9]. Breach parameters can vary in agiven
dam depending on embankment height and foundation geology. Thetime for full breach
development can depend on failure type. For example, aflow dide in an earthquake will result in
immediate overtopping of severdly disturbed embankment materids, whereas overtopping during
aflood encounters intact materias. The breach development time can dso vary according to the
eroson resistance of the embankment materials and the degree of overtopping.

Breach development in concrete dams depends on the bedrock conditions (rock quality and
jointing), the dam jointing and block size, and the type of dam. Breach development time for
seigmic loading might be sudden whereas the breach development time for hydrologic loading
might take moretime. In the case of gravity dams, individua blocks of the dam are cgpable of
ressting reservoir loads without the support of adjacent blocks, which provides for the possibility
of only apartial breach of adam. However, arch dams depend upon the support of adjacent
blocksto transfer loads to the foundation. If one block is removed, there is generaly inadequate
support for adjacent blocks.

2. Determining Inundated Areas. - A computer program, such as DAMBRK, istypically used
to caculate peak outflows, flood routing parameters, and downstream inundation.  Inundation
maps contained in the SOP can generdly be used as a conservative estimate for most risk
andyses. Dambreak andyses for the SOP have traditionaly been conducted assuming PMF level
flooding. If lifeloss Situations from lesser flooding, or from sunny day failure modes are found to
be significant contributors to risk, there may be justification to recommend additional dambreak
andyses. In areas whereriver confluence effects are significant, or where severa stream courses
inundate a given area, atwo-dimensiona program such as UNET can be used. More detailed
guidance regarding flood inundation studies can be found in Policy and Procedures for Dam
Safety Decision Making (Section I1).

3. Warning time. - The time before awarning is issued can be broken down into a detection
period, adecison period, a notification period, and aimplementation period. After an event that
Initiates dam failure, time can pass before operations personnel detect a potentia problem &t the
dam. Thisisthe detection period. The decision period comes after the Situation is observed,
when outside expertise and decision makers may be consulted, and a decision is made that the
Stuation will lead to adam fallure. Once this decison is made, the natification period follows
during which the proper emergency response authorities are contacted and convinced that an
evacuation is gppropriate. Once the proper authorities have been notified, the warning may take
time to reach those who must evacuate.

The time between the initiation of a dam failure and the issuance of a notice to evacuate a
population, added to the time it takes for the flood wave to travel to the population, is the warning
time. An upper limit to warning time assumes someone is a the dam to naotice the failure, that this
someone can make the decison that the dam isfailing and that people should evacuate, that
authorities are available and can be contacted to initiate evacuation, and that there is an effective
way to natify the population at risk. To the degree that any of the above warning time
components are missing or do not function properly, warning time is reduced accordingly.

The components of warning time are dependent on physical aswell as human factors. The

physica factors may be functions of the event time (hour, weekday, season) and the conditions
after the event (e.g. extent of damage to infrastructure, evacuation routes, or communications).
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The human factors include reluctance to issue an evacuation warning and degree of emergency
preparedness.

Note that the empirica formulas correlating life lossto population & risk and warning time are
based on many different warning scenarios. In most cases, warning actudly came through
unofficid channgls. Someone notices higher than norma stream channd flows and the word arts
to spread.

The risk andysis team should consider worst case and best case scenarios for each failure mode
investigated to determine a representative range of warning times. The risk analysis team should
consult with regiond and/or area office staff familiar with the locd state of emergency
preparedness when discussing these scenarios.

4. Potential for loss of life. - Wayne Graham has provided a smplified procedure where much
of the following is consdered. If amorerigorousrisk andysisis being performed, for each load
caseffallure mode for which loss of lifeis possible, the following procedure should be followed:

C Determine if there are seasond changes to habitation or facility usage below the dam (or
consder some other time period(s) that will reflect different uses of the flood plain). If there
are sgnificant differences in the number of people at risk from one time period to the next,
assign probability estimates to the chance that the dam will fail within each time period by
proportioning the number of days in these time periods to the number of daysin ayear.

C Egtimate the probability thet the dam failure will occur during daylight, during night when
people are usudly awake, during night when people are usualy adeep.

C Edtimate the number of people at risk. Sometimes the number of people at risk can vary
sgnificantly even after the seasond and time of day determination has been made. For
example, there may a campground that has 100 campers on Friday and Saturday nights and
only 10 people the other 5 nights. In this case, the population at risk should be 100 with a
probability of .29 and 10 people with a probability of .71. Select the number of categories
to minimize the computationd effort, yet il display the varying usage of the flood plain.

C Egtimate potentid for loss of life. Edtimates of the potentid loss of life are then based on the
empirica datafor liveslogt in historic dam failures which has been gathered by Wayne
Graham [10]. The best estimate for warning time, and the range of possible values for
warning time should be carried through the analysis.

5. Evaluate economic losses. - ACER TM #7 [10] sets forth the procedures typically used by
Reclamation to assess the risk for economic losses.

V. Documentation and Presentation
A. Event Tree Computations and Review

Risk is computed by finding the product of probabilities and consequences for each path in the event
tree.
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Probability,
Probability of Adverse

Risk -~ of X | Response | x Consequences Given Response
Load Given
Load

By summing the vaues from al peths, the totd risk can be determined. It isusudly assumed in these
computations that the outcomes for each event are mutudly exclusive (i.e. thereis no chance of
combinations of more than one outcome) such that the risk can be computed by summing the individua
pathway risk values. While the events are not aways mutudly exclusve, their probabilitiesin adam
safety context are generdly small and the resulting joint probabilities have little impact on the accuracy
of the computations. When the summed failure probabilities (non-mutualy exclusve) from an event
exceed 0.3, the outcome probabilities should be adjusted as shown in the example below.

Spreadsheets and decision andysis software provide for rapid reduction of the vast quantity of numbers
generated during arisk andysis. One such combination is Microsoft Excel with the Decision Suite
addin programs from Palisade Corporation. The Precison Tree portion of the addin provides the
graphics and computations associated with an event tree while dlowing the individua input vaues to be
entered either manually or based on computations from other cdllsin the soreadsheet. The consensus
estimates of the reasonable low and reasonable high vaues by risk analyss participants should be used
to record estimated distributions of parameters in the spreadsheet. While the spreadshest offers great
flexibility in structuring the computations, it aso carries with it Sgnificant risk of errorsin the equetions if
they are not carefully crafted and copied from one cell to another. Some checks that can be performed
to help ensure accuracy include:

C  Entry of the event tree and vaues during the meeting of the risk andyss participants using a
projector so that the participants can observe the tree and spot any data entry or logic errors as
the event tree is being devel oped.

C  Summing the probabilities for each sat of branches from a single node in the tree to ensure thet the
probabilities sum to 1.0.

C  Checking equations for linkages to the proper cells when event tree vaues are computed from
other datain the spreadshest.

C  Review of the computed risk and/or probability estimates by participants to ensure that these
vaues reflect their common judgemen.

While conducting the risk andysis, there are often changes that are made to the event tree. Tree
branches with no reasonable probability of occurrence and non-failure paths are truncated from the
tree. Additiond failure modes or additiona detail to existing modes are added to the tree. In some
cases afalure mode may be identified which will clearly not impact decision making based on the
unlikelihood anumber of events occurring in sequence. In these cases, it is acceptable to smply
document the reasons why the failure probability is negligible without making specific probability
edimates. Prior to findizing computations, the structure of the event tree should be reviewed to ensure
that it is consstent with the team’ s interpretation of the potentid risks posed by the dam.
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The final check of the spreadsheet should be areview of the risk results by the team members to ensure
that the results reflect the collective judgement of the participants. Following the teeam meeting, many
team members will have an intuitive fed for the grestest risksto the dam. If the computed risks show
differently, thisis an indication that the estimates and equations dong the subject path need to be
reevauated to ensure their accuracy. Whether the discrepancy is dueto error or lack of understanding
of an event/response, thisis an important part of the team devel oping a consensus that the risk values
portray areasonable estimate of the risk at that dam.

Example

In some cases, an event can lead to multiple possible outcomes which each have aredatively high
probability. Consider the case of a hypothetica concrete arch dam. Participantsin arisk andyss
have determined that the dam could potentiadly fail by three different means following the
occurrence of alarge earthquake. The identified potential responses of the dam to alarge ground
motion were asfollows:

Outcome Failure Probability
A) Structurd Failure of the Arch Dam 0.7
B) Fallure of a Foundation Block on the Abutment 0.5
C) Failure of the Thrust Block 0.5

These three potentia outcomes are not mutudly exclusive snce any one or a combination of the
three outcomes could occur. Therefore, the probabilities must be adjusted to ensure that the sum
of the probabilities of adl possble outcomes equals 1.0. It can be assumed that the probabilities
are datigticaly independent since the occurrence of one failure mode would not impact the
estimates for the probability of occurrence of the other failure modes.

Step 1. Compuite the probability of no failure occurring

Thisis best done using the following diagram to visudize the relationships of the probabilities (see
Figure 4).
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Figure 4

P[No Failure] (probability of nofalure) = (1-FA]) x (1-F[B]) x (1 - P[C])
=(1-.7)x(1-.5x(-.5)
= (3x.5x.5)=0075

Step 2. - Allocate afailure probability of (1- .075) = .925 among the failure modes.

The falure probability adjustment can be accomplished by normdizing the faillure mode
probabilities on the bass of the origind estimates, or by alowing the team to estimate anew set of
probabilities which sum to 0.925. Assuming thet the origind probabilities were estimated rlive
to one another, the normaizing procedure is preferable. Using the normaizing procedure, the
adjusted probabilities for outcomes A, B, and C are;

P[A] = (.925/1.7) * .7 =0.381
P[B] = (925/1.7) * .5=0.272
P[C] = (.925/1.7) * .5=0.272

B. Uncertainty Analysis

When avaue of risk or a probability of fallure is computed, it isimportant to also characterize the
uncertainty associated with those values. There are two characteristics of event tree input parameters
which lead to uncertainty in the computed results.

Thefirgt characteridic isthe naturd variability of an input parameter asit occursin nature. An example
would be the reservoir water surface elevation behind adam. While there may be a genera pattern
exhibited, there is a certain amount of variahility due to variaion in inflows and demands. This
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variability leads to uncertainty about the risk posed by adam since adam with avery low reservoir
devation has much less chance of uncontrolled rdease than a dam with afull reservoir.

A second characteristic which leads to uncertainty in the resultsis alack of knowledge about a
particular process or mechanism represented by an input parameter. Thistype of uncertainty in the
results acknowledges that the values of input parameters can be different from those estimated which
would dter the results. Thistype of uncertainty can result from using idedized models to smulate
complex processes, lack of understanding of natura processes, or the inability to obtain desired
informetion.

Both types of uncertainty in the results should be evauated smultaneoudy using aMonte Carlo
Simulation process to combine the variationsin and lack of knowledge about various input parameters.
In aMonte Carlo process, the values of the input parameters are randomly generated based on each
parameter’ s assigned distribution and the resulting risk and/or probability of failure is computed. When
repeated many times, the results of the trias form a distribution for the expected vaues of the output
(risk or probahility of failure). It isrecommended that the criterion for sopping the smulation be based
on the output distribution gatistics changing less than 1% in the last 100 iterations.

Input parameters can take on many types of digtributions. When the team is estimating the event tree
branch probabilities, they should aso reach consensus on one of the following means of representing
the input parameter:

C  Point Edtimate - Point estimates are used when the probability estimates on the event trees are
known, the team agrees that a Single value is gppropriate, or there is no reason to believe the
edimates could vary sgnificantly. Point estimates are o acceptable for preliminary risk anayses
where the objective isto determine the relative magnitude of the risks.

C  Triangular Didribution - A triangular distribution is used to represent arange of possble vauesin
which the central valuesin the range are believed to have a greater chance of occurring or being
the correct estimates. This didtribution alows the effects of outlying estimates to be consdered
while placing primary emphasis on the consensus best estimate from the participants. The
participants should develop consensus estimates of the reasonable low and reasonable high values
which could be expected (see Step 3 in Section IV.D).

Probabilily

Low Parameter Estimate

Triangular Distribution
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Uniform Digtribution - A uniform digtribution is used to represent arange of possble vauesin
which al vaues are bdieved to have aequa chance of occurring or being the correct estimates.
This didribution places placing primary emphasis on the extremes which define the range of
possible estimates from the participants.  The participants should develop consensus estimates of
the reasonable low and reasonable high vaues which could be expected (see Step 3 in Section
IV.D).

Probability

Low Parameter Estimate High

Uniform Distribution

While other digtributions may appear justified for a particular parameter, the representations above
provide aleve of accuracy commensurate with the data generdly available for performing the risk
andyss. If the participants fed strongly that another distribution is justified, the purpose for its use

should be documented.

The Monte Carlo andys's can be performed directly on event trees constructed with the Precision Tree
software package using another component of the software called @RISK. Key steps of the Monte
Carlo andysisinclude

C
C

OOOO

Defining the output varigbles for which digtributions are desired

Defining the input variables to be estimated by distributions (distribution functions should aready
exig inthose cdls)

Setting the Smulation parameters to cal culate expected values of the tree on each pass

Setting the convergence criteria

Running the amulation

Graphing the results

At the conclusion of therisk andysisthere will be avariety of numeric values related to the risk, P(load)
X P(response) x (consequences), associated with the gatic, seismic and hydrologic loading conditions.
A group of experts, led by the facilitator(s), then must reach a consensus on a portraya of the risk
associated with the various loading conditions considering any and dl available information.

C. Report Preparation
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Documentation of arisk analys's serves two principa purposes. One purposeisto provide arecord of
the risk analys's thought processes, assumptions, and estimates which influenced the outcome of the
risk andysis, and what information would be of use to future investigations of the safety of the dam.
Another purpose isto provide decison makers with sufficient information to alow them to incorporate
risk based information into the decision making process for deciding whether or not to take action and
what action to take. The objective of the documentation is to meet these goals with a reasonable level
of effort.

To accomplish the above purposes, this section provides a suggested generd framework for the
documentation. Theformat is provided smply as aguiddine to hep the team identify information which
would be appropriate to include. Each risk analysis will likely have its own unique circumstances which
must be documented, therefore the emphasisin this section is on agenera arrangement of information
for the benefit of decison makers and future investigators. Documentation for both basdine and risk
reduction type risk analyses will generaly follow the format outlined below in the “ Suggested Topics for
aRisk Andysis Report.”

One of the most important areas to document isthat of the assumptions and/or exclusions made during
the various stages of therisk anadlysis. The decison by members of the team to assume various vaues
or to exclude some conditions can significantly dter the reported risk. This information should be
identified for decison makers to ensure there is a common understanding of therisk andysis results.

1. Suggested Topicsfor a Risk Analysis Report - While the conditions and the associated
risks at each dam are unique, there are smilarities in the information needs of the decison makers.
The following topics should be consdered for inclusion into the documentation of arisk andyss

C Participants - This section should identify the personnd who participated in the risk andysis
and identify the roles that they filled.

C  Scope- This section should include a summary of the purpose of the risk analys's, what are
the problems and issues being addressed, and the depth of analysis performed to support
the estimates and judgements made in the process. If any unusua processes were
employed, they should be described here.

C Description of Facilities - This section should contain a brief description of the dam and its
gppurtenant structures to familiarize the reader with the facilities for which therisk is being
andyzed. If therisk andysisisfor the purpose of evauating risk reduction dternatives, a
brief description of each dternative should aso be provided.

C Fallure Modes - This section should summarize the ways in which the dam could
reasonably be expected to fail. Each failure mode should described in sufficient detail to
demondrate how the failure mode would develop tarting from the initiating conditions or
event and leading to the uncontrolled release of the reservoir.

C Descriptions of Loads and Responses - This section should describe the Satic, hydrologic,
and saiamic loading conditions to which the dam is subjected. The information provided
should include:

- load ranges sdected and the reasoning for sdlecting those ranges

- probabilities of the selected |oad ranges (or areference to their origin)

- responses to the loading conditions

- key factors at the dam which lead to increased or decreased estimates of the failure
probability of the dam



- edtimated consequences if the failure mode were to occur (include information on
population at risk, breach parameters, and warning time estimates)

- uncertainties associated with the failure mode or the data used for making the probability
estimates

Summary/Conclusions/Recommendations - This section should include a summary of the
key findings and essentia information generated from the risk analys's process and address
the following questions:

Which falure modes and |oading conditions contribute the greatest risk?

What uncertainties enter into the estimates of risk?

What information could be generated to reduce the uncertainty?

What outcomes could reasonably be expected to result from collecting the information?
How would the risk be affected by each of these outcomes?

What are reasonable options for future action and what will they cost?

These questions will help to focus the team on credible information which will assst decison
makers in determining future actions to be taken.

The fina documentation should present results and reasonable options for action for
consderation by the decison makers. Decisions of future actions to be taken are more
appropriately documented in separate documents prepared by or on the behaf of the
decison makers.

Note: - In some cases, it will become apparent that there are some low cost actions which
could make immediate reductionsin risk a the dam. Examples may include smple changes
in operating procedures or maintenance practices which result in more reliable operations.
Risk can dso be reduced by exercising the emergency action plan or by helping operations
personnd to understand the importance of the visua monitoring parametersin the
performance parameters technica memorandum. Any such opportunities for low cost risk
reduction should be brought to the attention of the decision makers promptly.

Appendices- The atachments to the report of findings should include the following items:

- A lig of reference materials used for the risk analys's

- Copies of the event trees devel oped

- Copies of theflip chart information documenting the important factors in making the
probability estimates

- Any other information needed to convey an understanding of how the estimated risks were
developed

2. Author ship - The team leader, or another person(s), designated prior to beginning the risk
andysis and with Group Managers assstance, will be responsible for writing risk analysis reports.
The facilitators can assist with identification of an gppropriate author(s). The responsble author
will request any necessary help (from within or outsde the Team) to ensure thet information is
adequatdly recorded for future reference. Facilitators will work with the team during the risk
andysis to capture as much of the information as possible in event trees, logic diagrams, “pros’
and “cons’ of esdimate shedts, etc. Facilitators will aso asss in identifying critica information thet
should be recorded for incorporation into the report.
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3. Checking - The process for checking event tree inputs and outputs, tables and figures should
be in place prior to beginning the risk analysis. Facilitators can assst the team leader in outlining
this process and identifying resources (with Group Manager help). Checking should include
verifying that dl probability estimates, and their distributions, were entered correctly. Accuracy of
tables and figures should be verified. In addition, congtruction of the event treesin the
spreadsheets should be checked. The latter may be completed by different persons, since a
limited number of people have experience with the software currently used.

4. Facilitatorsand Certification - Review and certification of the risk andysis will be
performed by the facilitators. Facilitators will be involved in the report preparation until the
product has been certified asfind, but facilitators will not write the report. In most cases these
reviews and certification will bein lieu of areview by Group Managers. In addition, the
facilitators will work with the team, Group Managers and the Dam Safety Office to identify
contentious or specific issues that may require special consideration before proceeding with risk
andyss.

5. Signatures (and what they mean) -

C  Author’sSgnature - Thisisthe sgnature of the person or persons with primary
responsibility for writing the risk andysis report. All team signatures, such as concurrence,
are not required. However, signature of the document by the author(s) does sgnify that a
draft document was provided to team members, and that they had an opportunity to
comment on the draft. The author(s) signature also implies that comments were consdered
and that any critica issues or influencing factors were incorporated into the document.

C  Certification Signature - Certification sgnatures will be those of the persons who co-
facilitated therisk analyss. These sgnatures will sgnify that Reclamation methodology,
processes, and requirements were followed. In addition, these Sgnatures verify that
quaifications of the persons making various probability estimates were gppropriate. The
purpose of endorsing quaificationsis to reduce the potentia for inappropriate estimates, or
conflicts, arigng from limited qudifications that result in total rgection of risk anadyss
findings during organizationd reviews (such as DSAT). Certification signatures will aso
sgnify thet the spirit of the risk andlysis and team dynamics are represented by the
document. In other words, that any divergent views, critical issues, or Sgnificant influencing
factors have been captured. Thisisa check of the author’ s responsibility to fully capture
and represent the team’ sthinking. Findly, certification will serve to document that load
specidigts input and feedback were solicited.

C  Checked Signature - Checking sgnatures will verify that dl probability estimates, inputs
and outputs and their ditributions, were entered correctly into event trees, and that any
other caculations, figures or tables have been checked. This may include “back-of-the-
envelope’ caculations performed during the risk analysis but not documented other than in
the report. In addition, the accuracy of computer spreadsheets should be checked. These
checks are likely to be made by different persons thus requiring two signatures, since a
limited number of people have experience with the software currently used.

6. Distribution of Draft and Final Decison Memos - Since concurrence signatures from team
members are not required on TRA reports, draft and fina decison memos should be provided to
team members as they become available. Thisisdone out of courtesy, to ensure that folks know
how the input they provided was ultimately used by Reclamation, and to ensure thet al team
members are cognizant of project issues and decisons.
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7. Project (Overall) Peer Reviewer Participation - Group Managers and Senior Technica
Specidigs (or any one qudified with substantia corporate knowledge) may want to schedule time
to participate on key risk analyses, perhaps on those where the “ stakes’ are particularly high or
where there is Sgnificant controversy/divergent views. Thiswould help ensure thet dl pertinent
information is brought to the table and congdered. Involving senior ga&ff in this manner, on an as
needed basis, would assist facilitators and teams in ensuring a proper scope for the risk analyses.

The sgnature and certification process above does not imply thet the individuas Sgning these
documents are vaidating the numerica vaues produced during the team risk andlysis. Nor doesthe
sgnature process indicate TSC concurrence. Signing individuas are not shouldering the burden of
making decisons for the TSC or Reclamation. Therisk andysis document is only one part of many
inputs that are required to make decisons reated to dam safety. TSC organizationa peer review will
still occur as various projects proceed through appropriate milestones in the dam safety process. In
addition, the forum of Dam Safety Advisory Team (DSAT) can be used by the Dam Safety Office to
provide any critica feedback on therisk andyss. Decisions on dam safety issues will continue to be
made by the Dam Safety Office, Region, and Area Office personnd.
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